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Abstract 
To control the depolymerization of poly-L-lactic acid (PLLA) into L,L-lactide, effects of 
altering the physical and chemical properties of magnesium oxide (MgO) on its ability as a 
catalyst were investigated. Four kinds of MgO particles: MgO-heavy, 0.2, 0.05, and 0.01µm, 
were used having primary particles of different dimensions, surface areas, and chemical 
structures/species. Thermo-gravimetric profiles of PLLA/MgO composites shifted into a lower 
temperature range due to an increase in the catalytic surface area resulting from a decrease in 
the dimensions of the MgO particles. However, decreasing the dimensions caused frequent 
side reactions with unfavorable products: cyclic oligomers and meso-lactide, due to the 
presence of different chemical structures/species. Heat treatment of the MgO particles 
effectively suppressed the oligomer production and enhanced the L,L-lactide production, but 
also accelerated the meso-lactide production at lower temperatures. These results indicate that 
the surface properties of MgO considerably influence the depolymerization of PLLA, with the 
catalytic behavior of MgO controllable by heat treatment and selection of the 
depolymerization conditions. 
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1. Introduction 
Poly(L-lactic acid) [poly(L-lactide), PLLA], a well-known bioabsorbable and 
biodegradable material, is an attractive raw material produced from renewable resources such 
as corn [1], potato, and garbage [2]. Because of the advantage of having a carbon neutral, the 
use of PLLA in industrial fields has been rapidly increasing in the form of molded parts for 
personal computers [3-5], mobile phones [6], and automobiles [7,8]. It is also anticipated to 
have many other future applications where environmentally compatible materials are required, 
such as in mulching film and nursery boxes. However, PLLA needs a large amount of energy 
to be produced from the renewable resources and has poor biodegradability in certain 
environments [9]. Thus, other strategies for the effective use of PLLA are required. 
PLLA is generally prepared by the ring-opening polymerization of L,L-lactide as a 
cyclic monomer [10-12], and during its thermal degradation L,L-lactide is recovered as a 
result of the depolymerization of PLLA (Scheme 1) [13,14]. This 
polymerization-depolymerization behavior is one of the special properties of PLLA and the 
depolymerization has actually been used as one method of producing L,L-lactide from 
oligomers in an industrial process [1]. Thus, this particular chemical property makes PLLA 
into a possible candidate for the feedstock recycling of plastics.  
[Scheme 1] 
However, the actual thermal degradation of PLLA is more complex than the simple 
reaction that gives L,L-lactide. For example, Duda et al. [14] and Witzke et al. [15] have 
reported the ceiling temperature and thermodynamic parameters for the equilibrium 
polymerization of lactide. In spite of these studies, the reported parameters were distributed 
over a wide range of values. The activation energy of degradation, Ea, has also been reported 
to change irregularly in a range of 70-270 kJ·mol-1 as the degradation progresses [16-18], and 
many kinds of degradation products have been detected during the pyrolysis of PLLA [16,19], 
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especially cyclic oligomers and their diastereoisomers.  
Another serious difficulty with the feedstock recycling of PLLA is the racemization on 
lactate units, which generates optical isomers: meso- and D,D-lactides that cause serious 
problems on the reproduction of PLLA, diminishing its crystallizability (Scheme 1) and some 
other useful properties [16-18,20]. These examples illustrate that there are many mechanisms 
and factors that are influencing the depolymerization of PLLA. For feedstock recycling it is 
very important to control the mechanisms in the selective production of L,L-lactide from 
PLLA. If, through such control, the feedstock recycling to L,L-lactide as the monomer could 
be achieved, then PLLA would certainly become more widely used as a reasonable choice for 
a sustainable future society [21].  
Recently, the effects of including a trace amount of metal as a polymerization catalyst, 
such as Sn, were investigated with the aim of clarifying the diversity of degradation behavior 
exhibited by PLLA [22-24]. In addition, some catalysts effective in controlling the 
depolymerization of PLLA have been developed [25,26]. MgO and Al(OH)3 were the 
effective catalysts, under which PLLA was selectively depolymerized into L,L-lactide under 
specified conditions. In the case of Al(OH)3, a large amount of the catalyst (30~50 wt%) is 
required for the depolymerization, because it mainly functions as a flame retardant [27]. On 
the other hand, only a small amount of MgO (<5 wt%) is required for the depolymerization 
[25], because it functions only as a depolymerization catalyst. Thus, MgO is expected to be a 
commonly usable catalyst for the feedstock recycling of PLLA. 
In spite of the development of these effective catalysts, racemization remains as one of 
the serious problems associated with the feedstock recycling of PLLA, because, as has been 
recently found, the racemization of L,L-lactide is accelerated on the surface of basic catalysts 
[28]. Although the base strength of MgO is poor when compared to other alkaline earth oxides 
as shown by the following ranking: BaO>SrO>CaO>MgO [29], on the MgO surface the 
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presence of three different basic sites was indicated from profiles of CO2-temperature 
programmed desorption [30]. The distribution of these basic sites depended on thermal 
treatment of MgO. Moreover, from FT-IR studies, four types of basic sites were proposed for 
MgO: (1) Mg-OH and three types of O2- sites located on (2) edges, (3) vertices, and (4) pits 
on the surface [31]. 
To control the depolymerization of PLLA, modification of the catalytic function is 
required. In this paper, the effects on the PLLA depolymerization of the physical and chemical 
properties of MgO, such as particle dimension, surface area, and chemical structures on 
surfaces, were investigated through evaluation of the racemization. 
 
2. Experimental 
2.1 Materials 
Polymer: PLLA (LACEA H-100J, Sn content: 40 ppm, Mn 98 000, Mw 170 000) was 
obtained from Mitsui Chemicals. Catalysts: four kinds of magnesium oxide particles 
(MgO-heavy, 0.2, 0.05, and 0.01µm), of differing particle dimensions, were purchased from 
Wako Pure Chemical Industries, Ltd. (Wako) (see Table 1). These catalysts were used after 
heat-treatment under prescribed conditions. Magnesium hydroxide (Mg(OH)2) and basic 
magnesium carbonate (MgCO3·Mg(OH)2·4H2O) were purchased from Wako and used as 
received. Chloroform (CHCl3) was obtained from Katayama Chemical and purified by 
extracting with 1M H2SO4 aq., washing by distilled water, refluxing over calcium chloride, 
and then distilling in a N2 atmosphere. 
 
2.2 Purification of PLLA 
The as-received PLLA was purified in a three-stage process to remove the Sn ion; firstly 
dissolving the PLLA 15.0 g in chloroform 250 mL and extracting the residual Sn ion from the 
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PLLA/chloroform solution three times with 1 L of 1M HCl aqueous solution, then washing 
with distilled water until the aqueous phase became totally neutral, and finally precipitating 
the polymer with methanol to prepare the purified PLLA-H (Sn content: 7 ppm). 
 
2.3 Heat treatment of MgO particles 
MgO-heavy, 0.2, 0.05, and 0.01µm particles were heated in an AZ ONE programmable 
furnace MMF-1 at 120, 350, and 600 ºC for 2 h under air, and then cooled down gradually to 
room temperature in an air atmosphere. The heated MgO samples were stored in a desiccator 
until use.   
 
2.4 Preparation of PLLA-MgO film samples 
The five kinds of film samples (PLLA-H, PLLA-H/MgO-heavy, 0.2, 0.05, and 0.01µm) 
were prepared. A chloroform suspension (10 mL) of PLLA (400 mg) and MgO (20 mg) was 
stirred for 1.0 h at room temperature, and then cast in a glass Petri dish. After the evaporation 
of the solvent, the formed film was removed and then vacuum dried. 
 
2.5 Characterization 
Morphology of MgO particles was observed with a KEYENCE digital light microscope 
VH-5000 by a transmission method. Specific surface areas of MgO particles were measured 
by a standard BET method on a Mountech Co., Ltd. automatic surface area analyzer Macsorb 
HM model-1201 using a mixed gas: N2/He = 30/70 (v/v) for the adsorption of N2 molecules 
on the surfaces. Fourier transform infrared (FT-IR) spectroscopy was performed using a 
Nicolet Avatar 360 FT-IR spectrometer. Transmission spectra of the heat-treated MgO 
samples were measured by a KBr disk method. 
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2.6 Thermal degradation of blend and composite samples   
Thermal degradation behavior of PLLA was analyzed by the thermogravimeter (TG) and 
the pyrolysis-gas chromatograph/mass spectrometer (Py-GC/MS). TG was conducted on a 
Seiko Instrumental Inc. EXSTAR 6200 TG/DTA system in an aluminum pan (5 mm Æ) under 
a constant nitrogen flow (100 mL·min-1) using about 3-5 mg of film sample. Dynamic thermal 
degradation of the sample was conducted at prescribed heating rates, Æ, of 1, 3, 5, 7, and 
9 °C·min-1 in a temperature range of 60 to 500 °C. The thermal degradation data were 
collected at regular intervals (about 20 times per degree) by an EXSTAR 6000 data platform 
and recorded into an analytical computer system.  
Py-GC/MS was conducted on a Frontier Lab PY-2020D double–shot pyrolyzer 
connected to a Shimadzu GC/MS-QP5050 chromatograph/mass spectrometer, which was 
equipped with an Ultra Alloy+-5 capillary column (30 m × 0.25 mm i.d.; film thickness, 0.25 
µm). High purity helium was used as a carrier gas under a constant flow of 100 mL·min-1. In 
the dynamic heating process with Py-GC/MS, about 0.5 mg of sample was added to the 
pyrolyzer and heated from 60°C to a prescribed temperature at a heating rate of 9 °C·min-1. 
Volatile pyrolysis products were introduced into the GC through a selective sampler. The 
temperature of the column oven was first set at 40 °C. After the pyrolysis process had finished, 
the column was heated according to the following program: 40 °C for 1 min, 40-120 °C at 
5 °C·min-1, 120-320 °C at 20 °C·min-1, and 320 °C for 13 min. Mass spectrum measurements 
were recorded 2 times·s-1 during this period. 
 
3. Results and Discussion 
3.1 Morphology of MgO particles 
Magnesium oxide (MgO) exhibits a simple rock salt structure and may easily be produced as a 
high surface area material [32]. Four kinds of MgO particles, i.e., MgO-heavy, 0.2, 0.05, and 
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0.01µm, were used for this study as catalysts of PLLA depolymerization. The differences between 
MgO-heavy and MgO-0.2 ~ 0.01µm result from a difference in calcination temperature in their 
production processes. Morphology of the MgO particles was observed with a digital light 
microscope. Results are listed in Table 1. As expected, the smaller the dimension of the primary 
particle, the larger its surface area. In a depolymerization process of PLLA, the area of MgO particle 
surface acting as the catalytic area must be related to the rate of depolymerization. Secondary 
particles of MgO-heavy had a columnar crystal structure. On the other hand, other secondary 
particles of MgO were aggregates of powdery primary particles, having diverse shapes. The smaller 
the dimensions of the primary particle became, the larger became the dimensions of the secondary 
particle. This indicates that the smaller particles easily aggregate to form larger secondary particles. 
This easy aggregation property of the smaller particles was also observed in composites with PLLA. 
In a PLLA matrix, the smaller particles formed large amorphous-like aggregates. 
Each of the MgO particles was mixed with PLLA-H in a solution of CHCl3 under vigorous 
stirring, and then the mixed solution was cast on a glass surface, resulting in a homogeneous sample 
film. Dispersibility of the MgO particles in the PLLA matrix was determined by microscopic 
observation of the obtained films (Figure 1), which were melted and stretched prior to observation. 
As shown in Figure 1, it was found that MgO-heavy and 0.2µm particles dispersed without 
additional aggregation of the original secondary particles, but MgO-0.05 and 0.01µm particles 
aggregated to give a larger size distribution than that of the original secondary particles. 
[Table 1] 
[Figure 1] 
 
3.2 Thermal degradation behavior of PLLA in the presence of various MgO particles 
To compare the catalytic activity of the four kinds of MgO particles having different 
dimensions, the thermal degradation of PLLA was carried out with TG and Py-GC/MS using 
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PLLA-H/MgO (120°C) composite films: PLLA-H:MgO=100/5 (wt/wt), in which the MgO 
(120°C) particles were heat-treated at 120 °C for 2 h beforehand. TG profiles are illustrated in 
Figure 2. The TG profile shifted into a lower temperature range; the maximum shifting by 
35 °C, with a decrease in the dimension of the MgO particle. This result must be due to the 
increase in the catalytic surface area of MgO particles. Generally, a shift in the degradation 
range into a temperature range below 300 °C suggests the effective suppression of 
racemization, because the racemization on the polymer chain easily occurs at temperatures 
over 300 °C to produce diastereoisomers, such as meso and D,D-lactides.  
[Figure 2] 
Pyrolysis products from the PLLA-H/MgO (120°C) samples were analyzed with 
Py-GC/MS in temperature ranges of 60 °C to prescribed temperatures by increasing the 
maximum temperature stepwise by 10 °C to 310 °C. Results are shown in Figure 3. All the 
samples gave L,L-lactide, meso-lactide, and cyclic oligomers as pyrolysis products. The 
amounts of meso-lactide and cyclic oligomers increased with increase in the temperature. 
Interestingly, PLLA-H/MgO-0.2, 0.05, and 0.01µm film samples afforded more unfavorable 
products than those from PLLA-H/MgO-heavy, in spite of the degradation in lower 
temperature ranges as shown in Figure 2. In particular, PLLA-H/MgO-0.01µm gave a large 
amount of meso-lactide even at 260~270 °C. These results indicate that as the dimensions of 
the MgO particle are reduced there is an increase in the number of side reactions giving 
unfavourable products at lower temperatures. 
The cyclic oligomers are produced as a result of the intra-molecular trans-esterification 
reactions between an active chain end and an ester group in the same chain. On the other hand, 
meso-lactide production results from an ester-semiacetal tautomerization on a polymer chain 
[16] and a following ring-forming reaction, or a back-biting reaction from an active chain end: 
R-COO- [33]. The generated cyclic oligomers, including lactides, vaporize at appropriate 
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temperatures through a process of fractional distillation. Thus, the results in Figure 3 may 
result from the fractional distillation of a range of generated cyclic oligomers.  
[Figure 3] 
 
3.3 Characterization of surfaces of MgO particles 
The acceleration of various side reactions by the MgO particles with small dimensions 
suggests the presence of some kinds of active sites on the MgO surfaces. To analyze the 
chemical structures/species on the surfaces of the MgO particles, FT-IR analysis was 
employed using a KBr disk method. FT-IR transmission spectra of MgO-0.2, 0.05, and 
0.01µm (120°C) are illustrated in Figure 4. The spectra of the MgO (120°C) particles were 
normalized based on the absorbance of Mg-O bond vibration in a range of 450-700 cm-1 
[34,35]. Other absorption bands, centered around 3400-3500 cm -1 for ½OH and 1470 cm
-1 for 
½OCO, were also particularly evident on the spectrum of MgO-0.01µm. These absorptions 
originated from different chemical structures/species, such as Mg-OH, adsorbed H2O, 
Mg-CO3H, and Mg-O-CO-O-Mg on the surface of MgO particles [32].  
These different structures/species, especially Mg-OH and adsorbed H2O, must cause the 
random degradation of PLLA, which then produces a large amount of oligomers and active 
chain end structures: -COO- +Mg, -COOH, and –OH. These active chain ends attack the 
intra-molecular ester bonds, resulting in the production of diastereoisomers of cyclic 
oligomers including L,L- and meso-lactides [33]. 
[Figure 4] 
 
3.4 Changes in chemical structures on MgO particle surfaces during heating 
To estimate effects of the chemical structures/species on the MgO particle surface, 
thermal degradation behavior of intact MgO particles, Mg(OH)2 and basic MgCO3: 
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{MgCO3·Mg(OH)2·4H2O} as control materials was examined by TG (Figure 5). MgO 
particles showed decreases in weight in two steps in temperature ranges of r.t.-150 °C and 
200-320 °C. In particular, the weight loss of MgO-0.01µm during the heating process was 
remarkable. Mg(OH)2 showed a one-step weight-loss to change into MgO in a temperature 
range of 260-350 °C. Basic MgCO3 exhibited a two weight loss process in the temperature 
ranges 200-300 °C and 350-450 °C, i.e. the first step was the dehydration/decarboxylation 
step from basic MgCO3 to MgCO3 and MgO, and the second step was the CO2 elimination 
from MgCO3 to give MgO. Taking account of the weight-loss behavior of Mg(OH)2 and basic 
MgCO3, the observed two-step weight-loss process of the MgO particles must involve the 
evaporation of adsorbed H2O as a first step and the dehydration/decarboxylation from 
MgCO3H Mg-OH groups as a second step. The total weight loss values of the MgO particles 
up to 600 °C are listed in Table 1. These values indicate clearly that the smaller MgO particles 
have a greater number of different chemical structures/species on their surfaces. 
[Figure 5] 
The weight loss of MgO particles under heating must be accompanied by some changes 
not only in their chemical structure, but also in their catalytic behavior during the thermal 
degradation of PLLA. The changes in the chemical structures of MgO particles were 
examined with FT-IR after heat treatments at 350 and 600 °C for 2 h under air in a 
programmable furnace. Typical changes in FT-IR spectra of MgO-0.2 and 0.01µm are shown 
in Figure 6. In this figure, the absorbance of the spectra is given as a relative value, which has 
been normalized so as to be equal to the maximum absorbance of Mg-O bond vibration in a 
range of 460-700 cm-1. As shown in Figure 6, the broad absorption at 1300-1600 cm-1 for 
½OCO of –Mg-CO3H and –Mg-CO3-Mg- markedly decreased with temperature in both samples. 
On the other hand, for the changes in the absorption centered around 3400-3500 cm-1 for ½OH 
of Mg-OH and adsorbed H2O a difference in behavior was evident between the MgO-0.2 and 
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0.01µm particles. Although the absorption for ½OH of MgO-0.2µm particles steadily decreased 
with the temperature (Figure 6(a)), the absorption of MgO-0.01µm particles was not steady 
and actually increased a little after heat-treatment at 600 °C (Figure 6(b)). MgO-heavy 
particles showed the same behavior to that of MgO-0.2µm, whilst MgO-0.05µm particles 
exhibited a behavior midway between that of MgO-0.2 and 0.01µm particles. These results 
suggest either that it is difficult to change small MgO particles with large surface area into a 
typical Mg-O-Mg structure from surface Mg-OH groups under the heating conditions, or that 
it is easy to recover the Mg-OH and/or Mg-CO3H structures from temporarily formed 
Mg-O-Mg structures during the cooling process in the presence of air. 
[Figure 6] 
 
3.5 Thermal degradation behavior of PLLA in the presence of heat-treated MgO particles 
To determine the changes in catalytic activity of heat-treated MgO (HT-MgO) particles, 
the thermal degradation behavior of PLLA was investigated using PLLA-H/HT-MgO (350°C) 
and (600°C) (100/5 (wt/wt)) composite films by using TG and Py-GC/MS. Results were 
compared with those of PLLA-H/MgO (120°C) (100/5 (wt/wt)) composite films. The TG 
profiles are illustrated in Figure 7. TG profiles of PLLA-H/HT-MgO composites did not 
change very much after the heat treatments. These results suggest that the total number of 
active sites for the PLLA degradation on the MgO particle surfaces does not significantly 
change before and after the heat treatments. 
 [Figure 7] 
Pyrolysis products from PLLA-H/HT-MgO (350°C) and (600°C) composite films were 
analyzed with Py-GC/MS under the same conditions as the pyrolysis products from 
PLLA-H/MgO (120°C) composite films. Results are illustrated in Figure 8. Although the 
cyclic oligomers were generated from all the PLLA-H/MgO (120°C) samples, the heat 
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treatments of MgO particles at 350 and 600 °C effectively suppressed the production of the 
cyclic oligomers so as to make them hardly visible, resulting in enhanced L,L-lactide 
production on the pyrolysis of the film samples. Interestingly, in the cases of 
PLLA-H/HT-MgO-0.05 and 0.01µm composite films the temperature at which meso-lactide 
began to be produced shifted to lower temperatures with increase in the temperature of heat 
treatment. However, no temperature shift for the meso-lactide production was observed in the 
case of PLLA-H/HT-MgO-0.2µm.  
The above results suggest that new active sites for meso-lactide production were formed 
during the heat-treatments, while the active sites for oligomer production mostly disappeared 
or were made inactivate. Possible reaction mechanisms for the depolymerization of 
PLLA-H/MgO composite films are illustrated in Scheme 2. The oligomer production may be 
caused by Mg-OH groups, adsorbed H2O, and generated H2O from the dehydration of 
Mg-OH groups. These H2O molecules can produce a large amount of linear oligomers by 
random degradation, and in a following intra-molecular transesterification at higher 
temperatures cyclic oligomers must be produced. On the other hand, the Mg-OH group react 
with an ester group to give a salt structure, –COO- +Mg, and a new alcohol end structure. 
During this reaction, racemization may occur at the alcoholic end group. These end structures: 
–COO- +Mg and the racemized alcoholic group will produce diastereoisomers including 
meso-lactide by intra-molecular transesterification. Therefore, it is considered that the 
lower-temperature shift of meso-lactide production as shown in Figure 8 is caused by Mg-OH 
groups. Moreover, it is assumed that the carbonate structures: MgO-CO-OMg and MgCO3H, 
protect the Mg-OH to inhibit the unfavorable meso-lactide production. At higher temperatures, 
to be able to eliminate the carbonate groups such as at 600°C, the protection of carbonate 
groups was removed and resulted in the acceleration of meso-lactide formation.   
Based on this consideration, to maintain control into high-selective L,L-lactide 
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production from PLLA, more precise modification of the MgO particle surface will be 
required. The investigation of the effects of carbonate structures on MgO particle surfaces is 
now in progress. A report on this will follow in the near future. 
[Figure 8] 
[Scheme 2] 
 
4. Conclusions 
Four kinds of MgO particles, MgO-heavy, 0.2, 0.05, and 0.01µm were used for the thermal 
degradation of PLLA as depolymerization catalysts. The TG profile of PLLA shifted into a lower 
temperature range; the maximum shifting by 35 °C, with the decrease in the dimensions of 
MgO particles, reflecting the increase in catalytic surface area. However, as the dimensions of 
MgO particles were reduced, side reactions occurred more frequently to give the unfavorable 
products, cyclic oligomers and meso-lactide. The FT-IR analysis of MgO particles clarified 
the presence of some different chemical structures/species, such as Mg-OH, adsorbed H2O, 
and MgCO3 species, which may cause the unfavorable side reactions. The heat treatments of 
MgO particles at temperatures of 350 and 600 °C effectively suppressed the oligomer 
production and so enhanced the L,L-lactide production. However, especially in the case of 
MgO-0.01µm, the heat treatments accelerated the meso-lactide production at low 
temperatures. These results indicate that the catalytic behavior of MgO particles on PLLA 
depolymerization is considerably influenced by the surface area and different chemical 
structures/species on the MgO particle surfaces. To achieve control into high-selective 
L,L-lactide production from PLLA, more precise modification of MgO particle surface will be 
required. 
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Scheme and Figure Captions 
 
Scheme 1.  Polymerization-depolymerization behavior of PLLA. 
 
Scheme 2.  Possible thermal degradation pathways of PLLA/MgO particle composite films. 
 
Figure 1. Microscopic images of MgO particles in PLLA-H/MgO composites. 
 
Figure 2.  TG profiles of various PLLA-H/MgO (120°C) (100/5 wt/wt) film samples. 
Samples: PLLA-H, PLLA-H/MgO-heavy, 0.2µm, 0.05µm, and 0.01µm. Heat treatment of 
MgO: at 120 °C for 2h. TG measurement: Æ = 9 °C·min-1. 
 
Figure 3. Py-GC/MS analysis of pyrolysis products from PLLA-H and PLLA-H/MgO 
(120°C) film samples. 
 
Figure 4. FT-IR spectra of MgO (120°C) particles: MgO-0.2µm (solid line), MgO-0.05µm 
(broken line), and MgO-0.01µm (dotted line). 
 
 
Figure 5. TG profiles of as-received MgO particles, Mg(OH)2 and basic MgCO3. Æ = 
9 °C·min-1. 
 
Figure 6.  FT-IR spectra of heat-treated MgO particles. (a) MgO-0.2µm and (b) 
MgO-0.01µm. Heat treatments at 120°C (dotted lines), 350°C (broken lines), and 600°C 
(solid lines). 
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Figure 7. TG profiles of PLLA-H/HT-MgO-0.2, 0.05, and 0.01µm (100/5 wt/wt) film samples. 
Heating conditions of MgO particles: at 120 (dotted lines), 350 (broken lines), and 600 °C 
(solid lines) for 2 h. TG measurement: Æ = 9 °C·min-1. 
 
Figure 8. Py-GC/MS analysis of pyrolysis products from PLLA-H/HT-MgO (350°C) and 
(600°C)-0.2, 0.05, and 0.01µm film samples. 
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Scheme 1.  Polymerization-depolymerization behavior of PLLA. 
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Scheme 2.  Possible thermal degradation pathways of PLLA/MgO particle composite films. 
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Figure 1. Microscopic images of MgO particles in PLLA-H/MgO composites. 
 
 
 
- 24 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  TG profiles of various PLLA-H/MgO (120°C) (100/5 wt/wt) film samples. 
Samples: PLLA-H, PLLA-H/MgO-heavy, 0.2µm, 0.05µm, and 0.01µm. Heat treatment of 
MgO: at 120 °C for 2h. TG measurement: Æ = 9 °C·min-1. 
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Figure 3. Py-GC/MS analysis of pyrolysis products from PLLA-H and PLLA-H/MgO 
(120°C) film samples. 
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Figure 4. FT-IR spectra of MgO (120°C) particles: MgO-0.2µm (solid line), MgO-0.05µm 
(broken line), and MgO-0.01µm (dotted line). 
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Figure 5. TG profiles of as-received MgO particles, Mg(OH)2, and basic MgCO3. Æ = 
9 °C·min-1. 
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Figure 6.  FT-IR spectra of heat-treated MgO particles. (a) MgO-0.2µm and (b) 
MgO-0.01µm. Heat treatments at 120°C (dotted lines), 350°C (broken lines), and 600°C 
(solid lines). 
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Figure 7. TG profiles of PLLA-H/HT-MgO-0.2, 0.05, and 0.01µm (100/5 wt/wt) film samples. 
Heating conditions of MgO particles: at 120 (dotted lines), 350 (broken lines), and 600 °C 
(solid lines) for 2 h. TG measurement: Æ = 9 °C·min-1. 
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Figure 8. Py-GC/MS analysis of pyrolysis products from PLLA-H/HT-MgO (350°C) and 
(600°C)-0.2, 0.05, and 0.01µm film samples. 
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Tables 
 
 
Table 1.  Physical properties of MgO particles as depolymerization catalysts 
MgO 
morphology 
average dimension of particle (µm) 
surface area a 
 
(m2·g-1) 
weight loss 
during heating 
process b 
(wt%) primary particle secondary particle 
heavy 
regular hexahedron 
¦  c = 0.5 
columnar crystal 
10 × 10 × 70 
3 0.55 
0.2µm 
regular hexahedron 
¦  = 0.2 
aggregate 
¦  = 1.2 
7 0.22 
0.05µm 
regular hexahedron 
¦  = 0.05 
aggregate 
¦  = 6.3 
32 2.02 
0.01µm undetectable 
aggregate 
¦  = 10.9 
181 8.64 
Mg(OH)2 - - - 30.73 
basic MgCO3 - - - 56.56 
a Measured by a standard BET method using a mixed gas: N2/He = 30/70 (v/v).   
b Heating with TG from 60 to 600 °C at 9 °C·min-1. c Average diameter. 
